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C o m p act stea d y so u rces of X -ray em ission h ave b een d etected at
th e p osition s o f at least tw o soft gam m a-ray rep eaters (S G R s). T h ese
sou rces h ave b een in terp reted as sy n ch rotro n n eb u lae p ow ered b y th e
n eu tron star th at is ca u sin g th e b u rsts. W e ex p lore a p lerion m o d el fo r
th e sou rces su rrou n d in g S G R s w h ere th e stead y o b served em ission is
p ow ered b y th e S G R b u rsts rath er th an b y th e sp in -d ow n of a p u lsar.
In th is case th ere is n o lim it on th e n eu tron star m a gn etic ¯ eld . W e ¯ n d
th a t th e sy n ch rotron lifetim e of th e p articles in jected in to th e p lerion
arou n d S G R 1806 -2 0 is lon g en o u gh to sm ear ou t n eb u lar em ission fro m
in d iv id u al b u rsts. T ran sien t n eb u lar em issio n w ou ld th erefore n ot b e
d etected follow in g an S G R b u rst. T h e co m b in ed rad io em ission fro m
m u ltip le b u rst in jection s is ex p ected to h av e a steep er sp ectru m th an
th a t of a ty p ical p lerion .
IN T R O D U C T IO N
Some 20% of the supernova remnants in our galaxy are plerions, or ¯lled
synchrotron nebulae, many of them surrounding young pulsars that supply
the power to the nebulae through injection of relativistic particles. Plerion-
like sources have been detected at the positions at least two of the known soft
gamma-ray repeaters, SGR1806-20 (1) (2) and SGR0525-66 (3) in the SNR
N49 (4) . The third known SGR, SGR1900+14, is near a ROSAT source that
is possibly a plerion (5) . These associations have ¯rmly established that this
class of ° -ray bursts is linked to neutron stars. It has been suggested that
the plerions around SGRs are powered by the quiescent, steady spin-down
luminosity of a young pulsar that is also the source of the bursts. However,
the fact that the measured radio spectral index (® = ¡ 0:6) of SGR1806-
20 (6) is much steeper than the typical plerion spectrum having indices in
the range ® = 0 to -0.3, makes the pulsar-powered plerion model less than
satisfactory. This paper will explore an alternative hypothesis, that the SGR
plerions are powered primarily by particle injection from the SGR bursts (7) .
Drawing on analogies to the pulsar wind model of plerions, we investigate
the characteristics expected of nebular synchrotron emission resulting from
episodic injections of particles from the SGR bursts, including the suggestion
(7) that nebular emission due to individual bursts may be detectable. This
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model will be applied to SGR1806-20, where it is energetically plausible that
the steady X-ray source observed by ASCA (2) is powered by SGR burst
particle injection.
W IN D M O D E L O F P L E R IO N S
Suppose the source that powers an SGR plerion injects a total tim e-a vera ged
luminosity hL i in particles and magnetic ¯eld in the form of a relativisticT
MHD wind. Because this wind is con¯ned by the supernova shell which ex-
pands with velocity v ¿ c , there will be a reverse shock at a distance r (sees
Fig 1) from the source where the wind ram pressure balances the nebular
pressure (8) ,
RL d thL i TT = (1)42 34¼ r c ¼ rs N3
Using the measured radius of the SGR1806-20 radio nebula at 0.3 GHz (6) ,
0r = 5 d , where d ´ d = 10 kpc is the source distance, and assuming anN 1 0 1 04age ¿ ´ ¿ = 10 yr,4
µ ¶1 = 23r 3 = 2 ¡ 1 = 21 8Nr ' = 4 £ 10 cm d ¿ : (2)s 1 0 43c¿
The position of the shock in this case is not expected to move in response to
injection from individual bursts because the propagation time from the burst
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source to r is ¢¿ ' r = c » 5 yr. Note also that r ' 0:1 r in this source iss s s s N 1 7much larger that the shock radius in the Crab nebula, r = 3 £ 10 cm, dues
to its larger size.
N E B U L A R E M IS S IO N F O L L O W IN G A N S G R B U R S T ?
If an individual SGR burst causes a transient injection of particles and
magnetic ¯eld which moves out into the nebula, will the synchrotron radiation
from that burst be detectable in X-rays above the steady source luminosity?
A burst of total energy E and duration ¢t will cause a transient waveB B
of particles and ¯eld in the nebular wind °ow (see Fig 1) . Assuming that
¡ 2the source produces ° -rays with an e±ciency, ² ´ 10 ² , then the total¡ 24 0 ¡ 1 ¡ 1 2luminosity of the burst out°ow is L = 10 erg s L ² d , where L isB 4 0 4 01 0the burst ° -ray luminosity. Although the MHD wind in the Crab nebula is
out of equipartition by several orders of magnitude upstream of the shock,
the ratio of magnetic to particle energy is » :003, equipartition is achieved
shortly downstream of the shock where the bulk of the synchrotron radiation
is emitted (9) . The magnetic ¯eld in the burst out°ow, assuming equipartition
downstream of the shock and isotropic out°ow, is
µ ¶1 = 2L 1B 1 = 2 ¡ 1 = 2 1 = 2 ¡ 1 = 2¡ 3B = = 1:5 £ 10 G L d ¿ ² : (3)eq 4 0 1 0 4 ¡ 2c r s
The synchrotron lifetime of the particles emitting radiation in the outburst
at frequency º ´ º = 1 keV will then bek eV
¡ 1 = 2 ¡ 3 = 4 3 = 4 ¡ 3 = 4 3 = 4¿ = 1:2 yr º L d ¿ ² : (4)s 4 0 1 0 4 ¡ 2k eV
The observed luminosities (10) of bursts from SGR1806-20 are in the range
L = 0:8 ¡ 50, giving ¿ » 0:07 ¡ 1:4 yr, with the brightest bursts producing4 0 s
the shortest bursts of nebular radiation. However, the average time between
5bursts is (11) ¢T ' 10 s ¿ ¿ , with no apparent correlation between bursts
luminosity and time to the next burst. Therefore, the emission from the bursts
will be blended together, producing a continuous °ux. The very brightest
bursts might produce slight °uctuations in the nebular emission, but only if
the next bright burst follows by more than ¿ » 0:07 yr and the luminositys
will only be a factor of 2-3 above the steady observed X-ray source luminosity
3 5 ¡ 1of L ' 1 £ 10 erg s (2) . Even then, the long propagation time, ¢¿ » 5X s
yr, for the particles to reach the shock where their pitch angles randomize
and they can emit radiation, will make it impossible to identify an increase
in nebular emission with an individual burst. Tavani (7) found that nebular
emission may be detectable following an SGR burst if the particle injection
1 6 1 7is beamed. However, he assumed a smaller shock radius r » 10 ¡ 10s
cm, which gives a much larger B and a much shorter ¿ . Allowing for bursteq s
particles to be beamed into a solid angle ­ will not change the estimate of the
4
B in Eqn (3) or ¿ in Eqn (4) because the burst energy and volume of theeq s
°ow both decrease as ­, provided that the particle °ow and ° -ray emission
have the same solid angle, giving the same energy density in the out°ow.
S G R P O W E R E D P L E R IO N S
If the emissions from episodic burst particle injections blend into one an-
other due to the long synchrotron radiation timescales, it raises the question
of whether the SGR bursts alone are energetically capable of powering the X-
ray nebula. To explore this, we estimate the ratio of observed time-averaged
° -ray luminosity, hL i = hE i= h¢T i to total luminosity required to powerB B ¡ 13 7 ¡ 1 2 ¡ 2the nebula, L = L = ´ = 1 £ 10 erg s ´ d , where ´ = ´ =10 is theT X ¡ 2¡ 2 1 0e±ciency of nebular emission. This ratio is,
µ ¶ µ ¶¡ 1hL i hE i ´ ¢T EB B B¡ 3² ¼ = » 1 £ 10 ´ ; (5)° ¡ 2 5 3 9hL i h¢T i L 10 s 10 ergT X
which is not unreasonable.
The synchrotron spectrum from a nebula powered by SGR burst injections
will be that of the combined emission from many individual bursts. If, as
assumed, the particles injected from each burst propagate outward at the
bulk velocity of the wind °ow, each carrying a \frozen-in" equipartition ¯eld,
1 = 2B / L (cf. Eqn (3) , the synchrotron spectrum due to each burst willeq Bhave a break frequency (see Fig 2) ,
¡ 3 = 2 3 = 2 3 = 2 ¡ 7 = 2¡ 2¡ 3 9º = 12:6 Hz B ¿ = 3:8 £ 10 Hz L d ² ¿ ; (6)B eq 4 4 0 1 0 ¡ 2 4
where ¿ = ¿ , above which synchrotron losses become important. The bursts
luminosity range of SGR1806-20 corresponds to a range of º = 10 MHz -B
5 GHz. The spectrum of the combined burst emissions may be obtained by
integrating the synchrotron emissivity, P (º ;° ) , over the the burst luminosity
¡ ±function N (L ) / L and the steady-state particle spectrum, N (° ;L ) .B B e BBWe ¯nd a synchrotron spectrum,
8 ¡ ¡ ¡ (® ¡ 1 )= 21º = º ; º < º (L )< B m a x
¡ ¡ ¡ (2 ® + 3 ¡ 2 ± )= 32F (º ) / º = º ; º (L ) < º < º (L )sy n B m a x B m in: ¡ ¡ ¡ ® = 23º = º ; º > º (L )B m in
where ® is the electron injection index. In the region º (L ) < º <B m a x
º (L ) between the break frequencies of the brightest and weakest bursts,B m in ¡ 2 = 3only emission from bursts below a luminosity L / º contribute signif-B
icantly to the spectrum, producing a steepening of the power law from the
usual index (® ¡ 1)= 2 expected from a particle distribution of index ® , as
illustrated in Fig. 2.
If we match the index of the radio spectrum of SGR1806-20, -0.6, to that
of region 2, ¡ ¡ , then the inferred injection index of the particle spectrum,2
5F IG . 2 . E x p ected sy n ch rotron sp ectru m of a p lerion p ow ered b y b u rsts from a
soft-° -ray rep ea ter.
assuming it is similar for all bursts, is ® = 1:4, adopting the luminosity
function with ± = 2 derived by Laros (11) . This then gives a radio spectral
index for º < 10 MHz of ¡ = 0:2, in the characteristic range for observed1
plerions. Above º = 5 GHz, the spectrum will steepen to a index of ¡ = 0:73
when synchrotron losses a®ect emission from all the bursts. While the break
at 5 GHz is well determined by the turnover L » 0:8 L of the observedm in 4 0
burst luminosity function (11) , the detection of a break at º · 10 MHz would
measure the maximum luminosity L of the bursts.m a x
As is observed for the Crab nebula, above the frequency where synchrotron
losses steepen the spectrum, the size of the nebula begins to shrink as the dis-
tance which the radiating particles travel before losing their energy decreases.
This model may therefore be tested through measurements of the size of the
radio nebula as a function of frequency.
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